Abstract: A time-multiplexed detector capable of photon number resolution was constructed.
Backgronnd
Photon number resolving detectors are a new challenging technology, which have a number of applications in the preparation and detection of non-classical states of radiation. One method of creating nonclassical states is via conditional state preparation of a parametric down conversion source [l, 2, 31, which relies on the ability to distinguish states of different photon number. Higher photon number states have not been used in applications before, but can be used to increase the precision of a phase measurement [4] and are essential for linear optics quantum computation [5, 61. Photon number resolving detectors could also enhance the security of quantum cryptography [7, 81.
Time-multiplexed detector
We constructed a time-multiplexed detector (TMD) [9] that improved upon a previously proposed design [lo]. The basic idea is similar to the detector cascade concept [ll], which uses 50/50 beam splitters to split a pulse into N spatial modes, each of which is monitored with an avalanche photodiode (APD) operated in Geiger-mode. Here, instead of splitting the incident pulse into N spatial modes we split it into N temporal modes separated by a time interval of At, divided equally between two spatial modes using single-mode fiber and 50/50 couplers (see Fig. 1 ). Using temporal modes rather than spatial modes gives the distinct advantage that only two APDs are needed no matter how many times one chooses to split the pulse. This is a significant improvement over the N APDs that are necessary in early detector array schemes [ll, 1'413, 141 though there is a trade-off between the number of modes and the detection rate of the detector.
In general, the count statistics that are recorded by the APDs do not represent the exact photon statistics of the incident pulses. Ignoring losses, the count statistics are related to the incoming photon number distribution by a convolution, which is determined using a stochastic model. Losses can be treated independently from the convolution and are modelled by a beam splitter prior to the convolution. We show that the effects of the convolution and the lasses are separable, which significantly simplifies the analysis.
The photon number statistics of weak coherent states were verified using two different methods: performing a least mean square fit of the convolution and directly inverting the convolution. Thus we proved good agreement of our theory with experimental data (see Fig. 2 ). 
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